reported wrist injuries in one department of a large paper products manufacturing company, between 1978 and 1980, raised some concern among management and employees. In two previous years, 1976 and 1977 , no wrist injuries were reported in the Finishing Department of the Consumer Packaging Division, comprised primarily of female employees; one wrist injury was reported from a total of 54 female employees (1.9 cases/ 100 employees) in the department in 1978. Subsequently, this increased to three reported wrist injuries among 56 female employees (5.4 cases/IOO employees) 1979 and 9 injuries among 57 female employees (15.8 cases/IOO employees) in 1980.
The types of wrist injuries most fre-.quently diagnosed in this employee population included carpal tunnel syndrome (CTS), ganglion cysts, sprains, tendonitis, and tenosynovitis or DeQuervain's Disease (see Figure 1 ). Costs resulting from these injuries totaled $158,245 including payments for Medical Indemnity, Anticipated Indemnity, and Permanent Partial Disability.
These injuries were experienced by individuals employed as flyers, ajob classification requiring repetitive wrist motion and filled almost exclusively by females. A flyer is responsible for removing cartons from a mechanized conveyor belt and packing the finished product into boxes for shipment. The tasks of a flyer involve three main operations. First, the stack of cartons is removed from a conveyor belt; the speed Younger; shorter; and less experienced workers are more susceptible to wrist injuries or problems associated with repetitive motion tasks.
of this task is controlled by a machine operator and may vary according to production demands and/or the opportunity for a bonus if production demands are exceeded. The second operation involves inspecting the stack of cartons for quality, which necessitates forceful hyperextension, flexion, and twisting of the workers' wrists to achieve a fanning-type separation of the cartons. In the third operation, rejected cartons are placed into bins using a motion that necessitates. hyperextension of the wrists. Finally, bundles of cartons are loaded into shipping boxes with a motion causing ulnar deviation and as the full shipping boxes are pushed away, wrist hyperextension is repeated. This sequence of motions is repeated for an entire shift. A single worker engaged in the task of flying for one hour handles between 450 and 2700 pounds of cartons while working at a 100% performance level. Although the women are hired under the classification of flyer, they may be assigned to one or more of the jobs conducted in the Finishing Department within the course of the workday. Other jobs within this department are titled sorter, feeder and packer. The job of sorting requires inspection of cartons for quality of printing and cutting before the cartons are run through machines that apply finishing touches; this requires use of the thumb and wrist to fan through cartons, resulting in pinch pressure, abnormal hand positions, ulnar and radial deviation of the wrists, and excessive resistive forces against the hand. The job of feeding requires lifting bundles of cartons from a waist-high ledge and placing them into a machine for processing. This task frequently results in pinch-pressure positions of the fingers, together with abnormal hand and wrist positioning. The job of packing involves the assembly of empty cardboard shipping cases from flat boxes. Although this is considered the least physically demanding job in the department, it involves deviations of the hands and wrists and static pressure against stable resistance.
The four types of machines used in the Finishing Department tasks included the cellophane, the waxing, the straight-line gluer, and the right angle and diagonal gluer machines. The cellophane machine applies transparent film to cartons to cover a cutout in the carton, providing visibility of the product. Wax is applied to cartons by means of the waxing machine. Cartons are folded and glue is applied to the side seams by the straight line gluer machine. The right angle and diagonal gluer also fold cartons and apply glue to the seam; how-Tendonitis: Inflammation of a tendon (Thomas, 1973) .
FIGURE 1
Definitions Sprains: Trauma to a joint which causes pain and disability depending upon degree of injury to ligament (Thomas, 1973) .
Tenosynovitis or DeQuervain's Disease:
Inflammation of a tendon sheath (Thomas, 1973) .
Incidence (Rate) (Lilienfeld & Lilienfeld, 1980) : associated with CTS was the subject's history of gynecological surgery, specifically bilateral oophorectomy (p < 0.01). This finding supported the hypothesis that the loss of ovarian hormone production contributes to the onset of CTS (Bjorkqvist et ai, 1977) . However, natural menopause was not found to be associated with an increased risk of CTS in this study. In addition, Cannon et al (1981) reported that the injured subjects had been employed for a significantly shorter period of time than the control subjects (5.5 ± 1.3 versus 11.7 ± 0.9 years, p < 0.01). * Carpal Tunnel Syndrome: Armstrong (1979) reports CTS as a chronic compression of the median nerve inside the carpal tunnel. The carpal tunnel is a structure formed by bones on three sides and by a ligament on the fourth. The median nerve passes through the carpal tunnel along with tendons that close the fist. The tendons are surrounded with a slippery tissue called synovia or bursa. The results of this nerve compression are motor and sensory symptoms (Johnson et ai, 1977) . Such symptoms include: paresthesias over the palmar aspect of the fingersthumb, index and middle; numbness; tingling or senseof swelling in the finger tips; awakening at night with a numb hand (Johnson et ai, 1977) . Pain, clumsinessand lack of sweating in parts of the hand innervated by the median nerve are also symptoms of CTS. CTS can be a progressive disease, often leading to compensable hand disabilities (Armstrong & Chaffin, 1977) .
Ganglion Cysts:
Cystic tumors developing on a tendon or aponeurosis; these mayoccur on the back on the wrist (Thomas, 1973) .
CTS (p < 0.05). However, since this documentation was conducted subsequent to the development of CTS, it could not be determined whether the given work methods were a cause or an effect of CTS.
Another study by Cannon, Bernacki and Walter (1981) utilizing 30 subjects diagnosed with CTS and 90 matched controls was conducted in an aircraft engine manufacturing plant. Certain personal and environmental factors were found to be significantly associated with the onset of CTS. These included the use of low-frequency vibrating hand tools (p < 0.01) in the range of 10-60 hertz and repetitive motion tasks involving the wrist (p = 0.05). A third factor found to be strongly
REPETITIVE MOTION TASK INJURIES
Injuries such as CTS, ganglion cysts, tendonitis, tenosynovitis or sprains affect not only the injured workers and their families but, also, management. For management, the concern focuses around decreased productivity and the costs incurred in Workers' Compensation, health care benefits and in training new workers. The injured worker is directly affected not only by symptoms and disabling effects, but, also, by financial problems resulting from lost-work time and incomplete salary compensation. It is also reported that women are more likely than men to remain out of the workforce for a longer period of time following a disabling injury (Ginnold , 1976) . In addition, reported psychological effects including stress, depression, and dysfunctional interpersonal relationships can result from health problems that limit a person's daily activities.
The incidence or prevalence of wrist disorders resulting from reptitive motion tasks is unknown in general employee populations since workers and/or relevant health care providers may not recognize the association of certain occupational activities with wrist disorders. However, there appears to be a much higher prevalence of CTS among women as compared to men (Bernard, 1979; Birkbeck & Beer, 1975; Bjorkqvist, Lange & Punnonen et ai, 1977; Gainer & Nugent, 1977; Hymovich & Lindholm, 1966) .
The etiology of CTS, in particular, has been associated with anatomical factors, such as excessive weight or edema, pinched-hand positions, and fractures (Armstrong & Chaffin, 1979; Johnson, Shutkin, Haase, Napolitano & Reinmuth, 1977; Sabour & Fadel, 1970) . Armstrong and Chaffin (1979) further identified factors associated with CTS through a retrospective case-control study of 36 female workers who performed the same highly repetitive tasks. In addition to retrospective data collection, anthropometric data were obtained from surface measurements and from measurements of anterior-posterior radiographs of the hands and wrists. Cinematography and electromyography were also employed to record and analyze the present work methods. Differences were found in the percentage of time during the workday in which pinch-pressure positions were used between subjects with CTS and control subjects (52 vs. 45 percent, p < 0.05). Also, the use of forceful exertion and deviated wrist positions was found to be significantly associated with ever, the fold is made at some angle between zero and 90 degrees. Diabetes has also been identified as possibly being associated with CTS. In a case study conducted in an ambulatory care setting, 103 diabetic subjects underwent electromyographic and neurologic examinations (Mulder, Lambert, Bastron & Sprague, 1961) . The findings suggested that individuals with diabetes may experience an alteration in their peripheral nerve function, which may be accompanied by an increased vulnerability of the nerves to mononeuropathy under situations of localized stress. Mononeuropathy involves the motor and sensory components of only one or two peripheral nerves and in most cases affects the peripheral nerve at some local vulnerable site, such as a ligamentous and bony tunnel.
In another case-control study involving 161 subjects, serum pyridoxal concentrations were measured; reduced concentrations were commonly found in diabetics with polyneuropathy (McCann & Davis, 1978) . However, no significant differences in the mean serum pyridoxal levels were identified among diabetics with CTS, diabetics without neuropathy, and normal subjects.
Through a case-control epidemiological study of neck and upper extremity soft tissue disorders, Luoparjarvi, Kvorinka & Virolainen (1979) investigated two occupational groups engaged in varying tasks: 163 female assembly line packers and 143 female shop assistants. Data relevant to work speed, hand movements and use of mechanical equipment were collected through personal interviews and clinical examinations along with ergonomic analysis of each job. The packers' work was found to consist of static muscle work by the arms, grasping and extending movements of the fingers, and lateral deviations of the wrists, totalling up to 25,000 movements per work day. In contrast, the shop assistants' work consisted of standing all day with light physical work and non-repetitive hand movements. The prevalence of tenosynovitis and humeral tendonitis was significantly higher for assembly line packers than for shop assistants (p < 0.05). The author suggests a probable relationship between some workload factors and some upper extremity disorders.
Although smoking history has not been incorporated as a variable in past studies, related to CTS, there is a tendency for decreased skin temperature and blood flow in the extremities of individuals who smoke or use nicotine (Department of Health and Human Services, 1979) . Cigarette smoking has also been reported to be associated strongly with obstructive peripheral vascular disease (PVD) including intermittent claudication (Kannel, 1976) . Without adequate evaluation, this has the potential as a confounding variable.
The purpose of this epidemiological study was to investigate the nature of occupationally-related wrist and hand disorders among flyers in the paper products company and to identify variables related to the disorders. In this manner, strategies of prevention could be developed more realistically.
METHODOLOGY
Following a pilot study in 1980 to test the proposed methodology, a retrospective epidemiological study was conducted in 1982 to analyze the problem of wrist injuries among the total population of 47 female employees classified as flyers in the Finishing Department of a paper products company. Because of a potential bias in data related to two subjects, they were excluded from the study.
Foiling approval by the Committee on Human Subjects in Research, implementation of the study was begun by enlisting the support and commitment of both managers and employees. To facilitate cooperation, the employer guaranteed paid off-duty time to the employees who agreed to participate in the study.
A self-administered questionnaire was designed to collect data including age, sex, height, weight, length of time on the job, smoking habits, employment history, feelings toward the job, medications utilized, medical and surgical history, and symptoms/conditions experienced in the past and present time frames. Past time frame refers to the time prior to, but not including the 12 months before the study while present time frame refers to 12 months prior to and including the time of the study. Questions related to variable of the job task and workplace were also incorporated. Data collection was managed during two major sessions in the company conference rooms. These sessions were prearranged by the company for the convenience of the employees. The investigators were present during both sessions to provide information about the purposes and conditions of the study and the procedures for completing the questionnaire. Participants were advised that it would take approximately 20 minutes to complete the questionnaire.
Informed consent forms were signed by each participant. In the case of participants who has been seen by a physician for repetitive motion upper-extremity injuries and/or conditions related to such injuries, a consent form was signed for release of medical information. This information was used to validate information provided by the subjects.
Clarification of information, supplied by the participants, was managed at the end of each of the data collection sessions through personal interviews by the investigators and/or by subsequent telephone contacts. Code number were assigned to each participants to maintain confidentiality and to facilitate follow-up.
Completed forms were further reviewed by the investigators. These forms were then key-punched and verified according to coded instructions.
Analyses were conducted by computer, utilizing the Statistical Package for the Social Sciences (SPSS) (Hull & Nie, 1981) . In addition to general descriptive statistics, Chi square, t-tests and regression analyses were incorporated as appropriate. Separate analyses were conducted relevant to past or present conditions/ symptoms and documented injuries. Through these analyses, subjects with these conditions/symptoms or documented injuries were compared to those without. In all statistical testing, a significance level of 0.05 was used.
RESULTS

Population Characteristics
This study population consisted of 45 female workers employed as flyers in the Portion of Body Affected The incidence of problems by specific parts of the upper extremity is shown in Table 6 . Although little difference is noted in the percentages between the past and present time frames for most parts of the upper extremity, the increase in reported problems with the left hand from the past time frame (20%) to the present time frame enced specific symptoms in the past are shown. Symptoms of numbness, tingling, pain, aching, weakness, loss of feeling and prickling were most frequently experienced in subjects with present problems who also reported past symptoms. Similarly, the subjects with documented injuries experienced tingling, numbness, pain, aching, and prickling most frequently.
Documented Injuries
Ofthe 45 subjects, work-related injuries had been documented by physicians in nine of these subjects (20%). The diagnoses and percentage of these cases requiring surgery is shown in Table 2 . Of the five surgical procedures, four were done within two years prior to the study.
Reported Conditions/Symptoms
In addition to the work-related injuries documented by a physician, subjects were asked about upper extremity conditions and symptoms experienced in the present and past time frames. Of the 45 subjects, 56% reported having present problems with their forearms, wrists, or hands; 33% reported both past and present problems. The responses to the question "What type of problem do you have with your forearm(s), wrist(s) or hand(s)?" are listed in Table3. In subjects reporting present problems, the classification of "other" was cited most frequently (22%), followed by sprain or strain of the wrists (16%) and swelling of the wrists, hands or fingers (16%). In general, these percentages were similar with those identified in the past time frame. The percentage of subjects with a documented injury who reported these problems is also identified.
Symptoms reported by subjects with present problems (Table 4) included pain (38%), aching (36%), weakness (27%), loss of feeling in the hands at night (27%), numbness (27%) and tingling (22%). Differences in the percentages of these reported symptoms from the past time frame are identified. Symptoms reported by subjects with documented injuries included, primarily, pain in the forearms, wrists, hands or fingers (67%); weakness or loss of ability to grasp or hold onto objects (67%); aching (56%); and numbness (56%).
In Table 5 , percentages of subjects who reported present problems and subjects with documented injuries who also experi-finishing department of a paper products manufacturing company. The mean age of these subjects was 36 years (± 1.9 years; range, 20 to 60 years). An average height of 65 inches (± 0.3) and average weight of 147 pounds (±4.4) were also documented.
A shown in Table 1 , subjects spent a mean time of 31 hours per week on the task offlying. In addition, the times spent sorting, feeding, and packing are also identified. The mean length of employment was 93 months (± 16.3 months). Only two subjects reported working in other jobs outside the company. (33%) is much greater. In addition, it is noted that the left wrist and left hand were affected in a greater percentage of the subjects with documented injuries, resulting in differences from the right wrist and hand of 12% and 11%, respectively; no differences were observed in the incidence between the left and right forearms. The single variable of handedness was not associated with the portion of the upper extremity affected.
Health History/Medication Use All subjects were asked questions regarding their health status, including a focus on conditions that have been associated with repetitive-motion wrist injuries. These conditions included arthritis, diabetes, thyroid/goiter problems, menopause/ hysterectomy and/or oophorectomy, pregnancy and circulatory problems. No association was found between any of these conditions and the incidence of either documented injuries or reported problems. Similarly, the use of birth control pills or other medication was not associated with reported problems or documented injuries.
Although no statistically significant differences in smoking histories* were found between those who did and did not have present problems or documented injuries, 87% of the subjects with both past and present problems also smoked, and 76% of those with present problems smoked; this is much higher than the average for Minnesota females «35%) (Minnesota Center for Health Statistics, 1982) . Of the nine subjects with documented injuries, 67% reported that they smoke. Personal/Employment Characteristics In the analysis of variables between subjects with and without reported present problems, there were statistically significant differences in age, height, length of employment and length of time flying (p < 0.05). Weight or Body Mass Indext was not associated with forearm, wrist or hand problems. Table 7 highlights the finding that the younger, shorter worker with less than four years of employment in the job category of flying is the most susceptible to forearm, wrist or hand problems. Subjects with documented injuries were studied regarding the variables of age, height and length of time spent working on the job. No significant association was found between age or height and documented injuries; however, the differences between subjects with and without documented injuries in the length of employment and length of time flying were significant at the p = 0.06 level.
Symptoms
A similar pattern was observed with respect to length of time spent sorting; significant differences were observed between subjects with and without present problems (10 ± 1.8 versus 66 ± 19.2 months, p < 0.05). The amounts of time per day spent flying or sorting were not significantly different between subjects with and without reported present problems or documented injuries. Feeding and packing activities also were not associated with any problems or documented injuries of the forearms, wrists or hands in this study. Subjects were also asked if handling certain cartons makes a difference as to how their forearms, wrists or hands feel when they are flying. Of the subjects reporting a present problem, 92% vs. 65% of those reporting no present problem, reported that handling certain cartons made a difference in their problems/symptoms (p = 0.06). The pizza, beer, macaroni and diaper cartons were identified more often by subjects with present prob- Workplace/Job Task Characteristics Further investigation of the workplace design was conducted following this analysis. This investigation revealed that the height from the floor to the top of the conveyor belts for the gluer, cellophane, and waxer machines ranged from 30 to 35.5 in. The height from the floor to the rollers, which hold the packing boxes, was 28 in. The boxes used for packing ranged from 7% to 19Y2 in., accounting for total heights ranging between 35% and 47Y2 in. In some areas around the machines, rubber mats were providedfor workers to stand on; these mats ranged from 0.25 in. to 0.75 in. in thickness. It was also discovered that a few employees had been using three-inch wooden platforms to stand on, periodically, over many years "to prevent pain and aching" in their hands and arms; ironically, these individuals also had never reported upper extremity problems.
Body Part
Further analyses were conducted to assess other job-related variables. Of the 25 subjects with present problems, 92% vs. 60% of the subjects without present problems (N = 20) reported that the size of the carton handled made a difference as to howtheir forearms, wrists and hands felt (p < 0.05). Similarly, a significantly greater number of subjects who reported present problems, in relation to those who reported no present problems, stated that the speed of cartons (conveyor belt), when flying, affects their forearms, wrists, or hands (p < 0.05). Increased loads, faster hand and arm movements, lack of rest time, and difficulty in handling were common factors identified by the subjects as being associated with the speed. the most difficult to handle vs. the easiest to can be seen; the cartons reported as the most difficult were five times as heavy and twice as large as those identified as the easiest to handle. Macaroni cartons were identified by the subjects in both categories (most difficult and easiest); however, since the two macaroni cartons processed in this department were very different in weight and size, it is probable that the subjects perceived the smaller carton as the easiest and the larger carton as the most difficult. Further data were collected relevant to the subjects' perceptions of how the use of a specific machine affected their forearms, wrists or hands. Of the subjects reporting a present problem, 84% vs. 55% of those reporting no present problems, reported that working with a particular machine made a difference in their problems/symptoms (p < 0.05). Subjects were subsequently asked to identify why working with a specific machine made a difference (a machine which made the subject's upper extremities "feel worse"). Of the 34 responses given, four factors were common to the responses. These were: (I) heavy weight (ofthe cartons); (2) fast speeds; (3) large bundles and cartons; and (4) repetitive wrist motions required to con-duct the task. Analyses to determine if there was a potential relationship between the machines on which the most frequently identified cartons were handled and the incidence of problems/injuries was not realistic due to the multiple variables involved.
The majority of subjects (64%) reported that working with a partner when flying relieved the workload. However, this was not associated with the incidence of present problems or documented injuries. Similarly, no significant association was found between the variable of working overtime and present problems or documented injuries.
Activities: Work-Related, Domestic, and Extra-Curricular An investigation was conducted into possible relationships between the amount of time per week spent in work-related, domestic and extracurricular/hobby-type activities. These activities included: shoveling, sweeping, vacuuming, scrubbing floors, flying cartons, washing dishes, bow ling, sorting cartons, knitting or crocheting, lifting children, driving a car, feeding cartons, gardening and packing. With one exception, no signficiant differences in the mean time per week spent in these actrvines was demonstrated between subjects with and without present problems, past problems, and documented injuries; the time spent in sweeping activities was found to be significantly greater for subjects without a present problem (2.4 ± 0.6 hours) compared to subjects with a present problem (1.1 ± 0.01 hours).
To determine possible relationships between job satisfaction and wrist injury problems or documented injuries, all subjects were asked to respond to ten statements relevant to feelings about their job, according to their degree of agreement as identified in Table 9 . No statistically significant differences in these responses were found between subjects who reported a present problem and those who did not. However, over 60% of the subjects who agreed or strongly agreed with the statement "I am often bored with my job," also reported present problems. Similarly, over 60% of the subjects who disagreed or strongly disagreed with the following statements also reported present problems: "My job is a hobby to me"; "I enjoy my work more than my leisure time"; "I feel satisfied with my job"; and "I feel that I am happier in my work than most people. " Responses of the nine subjects with documented injuries indicated that 88% agreed or strongly agreed with the statement "There are some conditions about my job that could be improved." Further, 100% disagreed or strongly disagreed with the statements "My job is a hobby to me" and "I enjoy my work more than my leisure time." Yet, 77% of these subjects disagreed or strongly disagreed with the statement, "I am disappointed that I took this job."
Type of Training
Subjects were asked to report what type of training they received when first employed as a flyer. In Table 10 , it is shown that 69% of the total subjects received informal training from a fellow worker. All of the presently injured subjects received either informal training or no training at all; 71% of the subjects who had no training had present problems and 58% of the subjects who received informal training from a fellow worker had present problems. Of the nine subjects with documented injuries, six received informal training from a fellow worker, two received no training and one received informal training from a foreman.
Subjects were asked to offer suggestions regarding the training of new employees in the task of flying (Table 11) . From 23 responses, these included the suggestion that new workers be given instructions before starting the job (30%) and that only supervisors or experienced workers provide on-the-job instructions to new workers (30%). Other responses included a need to decrease the speed of machines when training new workers (22%), rotate employees more frequently between jobs, and spend less time on the machines and more time sorting (9%). Table 12shows the responses given by subjects when asked, "What is the most important factor contributing to wrist injuries?" Of-all responses, 77% cited the factors speed, size or weight of cartons, and excessive wrist movement.
Subjects were also given the opportunity to provide suggestions to prevent or reduce wrist injuries. Of the 47 responses, 77% suggested one or all of the following: decrease the speed ofthe cartons (conveyor belt); decrease the weight and/or size of cartons, and rotate jobs or provide assistance with more difficult jobs.
DISCUSSION
This study identified significant differences in the mean age and in the mean length of employment and length of time engaged in flying activities between subjects with reported present wrist problems and those without (p < 0.05); the younger employee with less than four years of employment in the job category of flying was affected most frequently. The differences between those with and without documented injuries were significant at the p = 0.06 level. This finding supports the case-control study by Cannon et al (1981) that compared workers in an aircraft engine manufacturing company. Evidence was gathered in that study to link certain variables with the overt manifestation of carpal tunnel syndrome over a short period of time. This finding may also relate to a selective elimination process, whereby workers who become injured or incur symptoms tend to discontinue this type of work. The implication of this finding is that both workers and medical personnel must be particularly alert and responsive to the occurrence of signs and symptoms of forearm, wrist or hand injuries during early periods of employment so that appropriate strategies can be implemented.
A statistically significant association was also found between the height of the subjects and identification of present problems (p < 0.05); subjects reporting present problems were 64 inches tall, while those reporting no present problems were 66 inches tall. According to Konz (1979) , the height of the American male, compared to the American female, at the 50th percen-tile, is 68.6 in. versus 63.4 in. respectively. The height of the female subjects reporting no present problems was closer to the average height of American males than females, pointing to the possibility that the workplace was designed for the average-size male. This theory is supported, historically, since the Finishing Department was established in the early 1900s; during the years between 1930 and 1940it is known that the worker population waspredominantly male. Since WorldWar II, females have generally performed the task of flying; however, since this study was undertaken in 1981, males have been involved in this task more frequently. These findings point to the need for an ergonomic approach to the problem of forearm, wrist and hand injuries, which focuses on designing the workplace for the purpose of optimum human efficiency and well-being. The science of ergonomics proposes that a device or workplace area be designed so that it can be used by 90% of the population (Konz, 1979) .
According to Konz (1979) , the average proportion of body height from foot to elbow for females in the United States is 63%. The height of the workers ranged from 60 to 68 in.; therefore, the distance from the floor to their elbow ranges from 37.8 to 42.8 in. Konz (1979) also recommends that a work area be set at 50 mm, or 2 in., below the elbow. Thus, the ideal height of the work areas ranges from 35.8 to 40.8 in. The mean height of workers reporting present problems is 64.3 in.; the distance from the floor to their elbows is 40.5 in. Therefore, the ideal height of the work area for this group of employees aver- frames and also that the left wrist and hand were affected more often than the right wrist and hand of the subjects with documented injuries requires further investigation. A comprehensive ergonomic analysis of the work process should be incorporated to detect factors that might increase the risk of problems or injury to a worker. The variables associated with the problems of the forearms, wrists, or hands in this study warrant a variety of strategies for control or prevention. Haddon's (1973) ten strategies, first developed in the 1960s, serve as a means to develop realistic strategies for all types of hazards. These strategies are based on considerations of the epidemiological model, whereby the goal is to prevent the energy-in this case, mechanical energy-from interacting with the host at levels that exceed the injury threshold. Of further importance is consideration of the use of mixed strategies that will benefit the greatest number of people-with priority given to those strategies that do not involve individual action. Application of Haddon's (1980) strategies in the prevention of injuries from repetitive motion tasks is presented in Figure 2 .
SUMMARY
Through this epidemiological study, it is revealed that the younger, shorter, less experienced worker is most susceptible to wrist injuries or problems associated with repetitive motion tasks (p < 0.05). Other statistically significant factors that were identified as affecting the forearms, wrists or hands of the workers with present problems were the subjects' perceptions of specific types of machines, increased machine speed, and the handling of large cartons (p < 0.05). As a result of these findings, a comprehensive ergonomic evaluation of the worksite by an ergonomist with an engineering background is indicated. The goal of this specialized evaluation would be to develop strategies that will reduce the amount of energy transmitted against the forearms, wrists and hands and to reduce the amount and degree of abnormal hand and wrist positioning. By modifying or redesigning the worksite, it is possible to optimize the use of energy and to allow at least 90% of the worker population to perform their jobs safely (Kanz, 1979) . This recommendation, together with the strategies identified in Table 13 , are indicated. Implementation of a long-term surveillance for detection of cases with injuries or problems and an evaluation program to determine the effect of changes initiated is imperative. load factors such as repetitive motions at a high speed, extreme work positions of the thumb and fingers, static muscle work of the arm and shoulder muscles, and lateral deviations of the wrists as having a probable relationship to some upper extremity disorders. Specifically, it was found that the prevalence of tenosynovitis and humeral tendonitis was significantly higher for the assembly-line packers who are subjected to these workload factors. Another researcher had identified that chronic trauma is associated with carpal tunnel syndrome (Cannon et al, 1981) .
The finding that subjects' reported problems with their left wrists and hands have increased from the past to the present time ages 38.5 in. Based on the heights documented in the Finishing Department, the flyers' task of loading bundles of cartons into shipping boxes, involving heights ranging from 35% to 47Yz in. may present the greatest problem in this regard. However, the added forces involved in the speed of the conveyor belts and the weight of the cartons may change the basic height requirements. Thus, further study of these factors is important.
Subjects' perceptions of a specific machine, the increased speeds of the conveyor belt, and the larger sized cartons were associated with reported present problems (p < 0.05). Luopajarvi et al (1979) identified the combination of work-
FIGURE 2
Using Haddon's Strategies (1973) i. "Toreduce the amount of energy marshalled. " 3. "To prevent the release of energy." 4. "To modify the rate or spatial distribution of release of energy from its source."
5. "To separate in space or time the energy being released from the susceptible structure."
6. "To separate the energy being released from the susceptible structure by interposition of a material barrier." 7. "To modify the contact surface, subsurface or basic structure which can be impacted."
8. "To strengthen the living or nonliving structure which might be damaged by the energy transfer." 9. "To move rapidly in detection and evaluation of damage and to counter its continuation and extension."
1O. '~I those measures which fall between the emergency period following the damaging energy exchange and the final stabilization process."
Application to the Prevention of Upper Extremity Injuries Associated With Repetitive Motion Tasks
Discontinue production of machinery that requires workers to perform either repetitive movements of the wrists or forearms, create forceful exertion on the wrist or maintain a static-pinch pressure. Prevent workers from performing any of these movements. Mechanize all job functions that require these movements and assign workers to maintain the machines and assess their output and quality of products.
Modify the design of the workplace in order to decrease the amount of energy being transmitted against the forearm, wrist or hand. For example: redesign the task of packing cartons into shipping boxes so that workers do not hyperextend or flex the wrists, or repeatedly lift the cartons up into the boxes. The worker could use a rowing motion with both hands, pivoting the movements about the elbow, to push the finished product into a bin situated in front of the worker. This design would also eliminate the need for the worker to hyperextend the wrists when pushing away filled shipping boxes. Konz (1979) maintains that it is best to conserve momentum and avoid unnecessary deceleration of the arms which occurs when precise disposal of completed products is required. Another strategy would be to adjust the level of the packing box so that the worker would not have to lift the cartons and twist the wrists to pack them. If the packing box were at waist-level to the worker, s/he could turn and place the cartons horizontally, instead of vertically, into the boxes.
Discontinue work production at any work site in which the combination of workload factors has contributed to forearm, wrist or hand injuries; complete a comprehensive evaluation and develop strategies for prevention.
Decrease the speed of the conveyor belt, thereby, decreasing the overall energy generation with resultant trauma to the worker. Decrease the size and/or weight of cartons that a worker must handle within a given period of time. Limit the time spent on any particular machine; rotate workers more frequently among machines that were identified as being associated with problems for a large percentage of workers.
Prevent human beings from working with machinery which requires traumatic movements or forces exerted against the forearm, wrist or hand, incorporate robotics as appropriate.
Provide wooden platforms or rubber mats, at least 2 inches thick, for workers to stand on in order to give them better friction for pushing and pulling, to ensure that the work area is below each worker's elbow, to increase comfort, and to ensure that the worker's posture is correct. Provide well-fitting gloves of coarse material to improve the worker's control of the cartons and decrease the static pinchpressure that must be exerted.
Prevent workers from handling heavy or bulky cartons, decrease the size of the bundle of cartons that must be handled at anyone time.
Provide education programs for workers to improve their knowledge of all significant aspects of the forearms, wrist and hand injuries. Reinforce the need for early casefinding, diagnosis and treatment.
Develop handling techniques to avoid excessive hyperextension and flexion of the wrist, radial and ulnar deviation of the wrist, and static pinch pressure. Educate workers regarding optimal work methods to prevent the occurrence of forearm, wrist or hand injuries.
Provide pre-employment physical examinations with detailed histories to facilitate appropriate job placement for the protection of the worker's health. Provide medical surveillance of all personnel exposed to the previously identified agents for the purpose of early casefinding and immediate referral of all workers exhibiting signs and symptoms of forearm, wrist or hand injuries. An Injury Control Team should be formed, comprised of professionals such as an Ergonomist, Occupational Health Specialist, Medical Director, Industrial Hygienist and Bio-Engineer. The functions of this team should include: identification and investigation of trends in injuries; planning, implementing, and evaluating strategies for injury prevention.
Commence appropriate medical procedures after referral of the injured worker. Investigate the variables of the incident, and collect injury statistics to facilitate identification of trends. Return the worker to perform appropriate tasks as quickly as his/her condition warrants. 
